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Electron microscope studies by several workers
(1, 2, 3) have demonstrated an homogeneous, rela-
tively dense membrane at the upper limit of the
dermis, 200—400 A in width, separated from the
epidermal cell membranes by a less dense zone
approximately 300 A in width. Selby (2) has called
this submicroscopic structure the dermal mem-
brane to distinguish it from the controversial
"basement membrane" described in light mi-
croscope studies (4, 5, 6), but her term has not
yet come into general use.
The mechanism by which the dermo-epidermal
relationship is maintained is of more than aca-
demic interest, for the dermo-epidermal junction
is a site of major involvement in many diseases
of the skin. In addition to conditions charac-
terized by dermo-epidermal blisters such as
dermatitis herpetiformis, epidermolysis bullosa,
bullous pemphigoid, bullous erythema multi-
forme, porphyria eutanea tarda, and benign
pemphigoid, a number of diseases, e.g. lichen
planus, lupus erythematosus, and lichen sclerosis
et atrophieus, occasionally manifest dermo-
epidermal blisters.
The present study was undertaken to survey
some of the ultrastruetural changes that may
occur at the D-E junction in blistering diseases
and in selected experimental D-E separations.
The improved resolution made possible by use of
the electron microscope aids in delineating al-
terations of each of the three components of the
junction
MATERIALS AND METIIODS
Punch biopsy specimens processed for electron
microscope study, from which the material to be
presented was selected, included examples of the
conditions listed in Table I.
All biopsy specimens of vesieles were taken
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from reportedly fresh lesions. In the ease of
epidermolysis bullosa simplex biopsies were taken
3—8 minutes after rubbing. In all eases anesthesia
was obtained by field block or by cooling with
ice. Biopsy specimens were immediately fixed in
cold 1% buffered osmium solution and/or 1—2%
unbuffered KMnO4, and in 10% formalin.
TABLE I
Clinical Condition No. ofBiopsies
No. of
Cases
Dystrophie epidermolysis bullosa 2 1
Epidermolysis bullosa simplex. . . 4 2
Porphyria eutanea tarda 2 2
Iodide eruption 1 1
Morphea 1 1
Dermatitis herpetiformis 3 3
Lichen planus 1 1
Lichen sclerosis et atrophicus 2 1
Lupus erythematosus 2 2
Erythema multiforme 2 2
Bullous pemphigoid 1 1
Unclassified dermal-epidermal
blisters 3 2
Lichen amyloidosis 2 1
Hyaluronidase injection site 1 1
Liquid N2 blisters 4 2
Normal skin 6 4
The osmium and permanganate fixed specimens
were dehydrated in serial alcohols and embedded
in methyl-butyl methacrylate polymer. Some
specimens were cleared in acetone and embedded
in Vestopal. Blocks were sectioned with a Porter-
Blum microtome, or LKB Ultrotome, using a
glass knife. Silver appearing sections were placed
on formivar coated, 100 mesh, copper grids and
viewed in an RCA EMU 3-D electron microscope.
Some sections were stained with 4% uranyl nitrate
for 15 minutes.
Formalin fixed sections were processed by
routine methods. Hematoxylin and eosin, and
PAS stains were used.
Two of the normal skin specimens were used
for the thiocyanate-citrate experiment. This pro-
cedure was essentially that of Felscher (7). Ap-
proximately 2mm2 pieces of skin were immersed
in cold 2N sodium thioeyanate. After 10 minutes
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Fm. 1. Dermo-epidermal junction of normal human skin. The basement membrane stands out clearly
as a homogeneous, dense band following closely the contours of tbe cytoplasmie projections of the basal
cells. Note the banding of the collagen fibrils of the dermis. Permanganate fixation, embedded
in Vestopal. X 4050.
one of the pieces of skin was used to demonstrate
that the dermis and epidermis could be easily
separated with forceps. Another piece was proc-
essed for electron microscope study and another
for light microscope study. The remaining pieces
were then immersed in 2N sodium citrate for 4
hours. The citrate treated specimens could not
be separated with forceps. Specimens were proc-
essed for light and electron microscope study.
OnSERvATIONs
Normal Human Skin
The dermo-epidermal junction was generally
best visualized in permanganate fixed sections.
Cellular detail, a secondary consideration in this
study, was somewhat less satisfactory.
In permanganate-fixcd tissue the basement
membrane (fig. 1) is clearly seen as a homo-
geneous, dense band of variable width separated
from the cell membranes of the basal cells by a
zone of low density. The basement membrane
closely follows the contour of the basal cell
cytoplasmic projections.
The cell membranes of the basal cells are seen
as thin, very dense, sharply defined lines. The
collagen fibrils of the upper dermis tend to run
parallel to the plane of the basement membrane.
Fine cellular detail is better seen in osmium fixed
tissue (fig. 2).
Epidermolysis Bullosa Simplex
In both cases of epidermolysis bullosa simplex
the findings were identical. The two patients
were not related. By light microscopy (fig. 3)
the most striking alterations are in the basal
cells where there is disintegration of the cyto-
plasm. The nuclei at this time (5 minutes after
rubbing the skin) are intact. On the dermal side
of the blister there is a wide, PAS positive band.
The electron micrograph (fig. 4) also illustrates
the disintegration of basal cell cytoplasm. Figure
5 shows a similar disintegration of suprabasilar
cells as well, though this occurs only at scattered
sites. Figure 6 demonstrates the presence of intact
cytoplasmie projections of the lower surface of a
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FIG. 2. High magnification micrograph of normal dermo-epidermal junction. The basement membrane
shows alternating areas of higher and lower density. The higher density areas generally correspond to
high density areas of the cell membrane. Note the vesicular projections from the cell membrane and
the tonofilaments. Osmium fixation, Vestopal embedding, uranyl nitrate stain. X 40,950.
basal cell forming the dermal surface of the toothing of the rete ridges, and scattered micro-
blister. Similar projections line the entire dermal seopie vesiculation at the dermo-epidermal june-
side of the blister. tion (Fig. 7). The epidermal cell membranes in
Lichen Planus many areas are widely separated from the base-
The light microscope revealed a band-like ment membrane (Fig. 8). The cell membranes of
mononuclear infiltrate of the upper dermis, saw- the basal cells are well visualized.
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FIG. 3. Light micrograph of epidermolysis bullosa simplex vesicle. Biopsy taken 8 minutes after rub-
bing. PAS stain, hematoxylin counterstain. There is complete disintegration of the cytoplasm of most
basal cells. A hand of strongly PAS positive material is seen on the dermal side of the vesicle. X 600
FIG. 4. Epidermolysis bullosa. The central basal cell has undergone severe degeneration. The
tonofibrils are not seen, the mitochondia are swollen and distorted. The nucleus is intact but degenera-
tion has begun. Below the central basal cell a portion of another basal cell can be seen, showing similar
changes. The tonofibrils of the lower portion of the cell are intact as are the cytoplasmic projections at
the dermoepidermal junction. Osmium fixation, 1/estopal embedding, uranyl nitrate stain. >< 12,000.
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Fro. 5. Epidermolysis bullosa. Suprabasilar cell degeneration similar to that seen in basal cells can
be noted. Osmium fixation, Vestopal embedding, uranyl nitrate stain. X 8775.
Liquid N2 Blisters
The 3 hour specimen (figs. 9, 10, 11) shows pro-
nounced degeneration of the basal cell cytoplasm
and apparent accumulation of fluid on either
side of the basement membrane. The widened
B.M.-C.M. space is particularly apparent in
figure 9. A rather striking feature of figures 10
and 11 is that the B.M. appears to be freely
floating. On either side there are marked
degenerative tissue changes or fluid accumu-
lation.
Thiocyanate-Citrate Experiment
The electron micrograph of a specimen of fresh
normal skin immersed for 10 minutes in 2N
sodium thiocyanatc (fig. 12) shows apparent
fluid accumulation between collagen fibrils, and
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FIG. 6. High magnification, epidermolysis bullosa. Beneath the vesicle intact cytoplasmic projection
of a basal cell are present. The plates of high density along the cell membrane and corresponding high
density areas of the basement membrane are well visualized. Osmium fixation, Vestopal embedding,
uranyl nitrate stain. X 22,000.
FIG. 7. Lichen planus. Light mierograph. Note microscopic vesicles at dermo-epidermal junction.
X 750.
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FIG. 8. Lichen planus. There is wide separation between the basement membrane and the cell mem-
brane of the basal cell. X 51,750.
widening of the EM-cell membrane space. The
dark staining areas are probably the result of a
thioeyanate-permanganate reaction. This micro-
graph shows the appearance of the dermo-
epidermal junction under conditions when mini-
mal mechanical stress will separate the dermis
and epidermis.
The appearance of the dermo-epidermal junc-
tion 4 hours after a thioeyanate treated specimen
has been immersed in 2N citrate is shown in
figure 13. The dermis and epidermis cannot be
separated with ease at this time. The fluid ac-
cumulation between collagen fibrils is much less
apparent, and the B.M. cell-membrane space is
normal or decreased in width.
DISCUSSION
This study emphasizes the need for a high
degree of resolution to satisfactorily delineate
changes in the separate morphologic components
of the dermo-epidermal junction. These pre-
liminary observations serve not only as an intro-
duction to practical applications of new technical
procedures but may contribute to the clarification
of the pathogenesis of these lesions.
Histopathologic interpretation of the basic
lesions of epidermolysis bullosa has been a source
of great confusion. Even in the simple form of the
disease reports have varied widely as to the
location of the separation. Lever, (8) in discussing
this controversy, has pointed out that probably
all separations are dermo-epidermal when pro-
duced. He emphasized that regeneration distorts
the histologic picture if the lesions examined are
not acute. In our material it is also apparent that
the nature of the process resulting in separation
would not be apparent if the blisters were not
fresh.
t
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FIG. 11
FIGS. 9, 10, and 11. Forearm skin three hours after liquid nitrogen application. Fig. 9 illustrates the
mildest changes observed. There is disintegration of the cytoplasmic projections with widening of the
cell membrane basement membrane space. Fig. 10 shows more severe degeneration of basal cell cyto-
plasm and edema on either side of the basement membrane. In Fig. 11 there is marked edema fluid
accumulation, yet the basement membrane remains intact. Permanganate fixation, methacrylate em-
bedding. X 13,500 X 13,500 X 11,350.
The striking necrosis of the cytoplasm of the
basal cells in our cases suggests that these cells
are the primary locus of action of the pathogenic
mechanism.
A phenomenon which might have a bearing on
the problem of the pathogenic mechanism of epi-
dermolysis bullosa is the marked though re-
versible basal cell swelling immediately following
striping of the stratum eorneum noted by Lobitz
and Holyoke (9). With vigorous rubbing alone
we could not produce more than minor swelling
of the basal cells.
It is also of interest that Naylor (10) found
necrosis of the suprabasilar prickle cells in fresh
experimental friction blisters.
The mechanism of cellular necrosis in epi-
dermolysis bullosa might be due to an inherent
weakness of the cell structure or to the release by
trauma of a neerotizing agent contained in the
dermis or epidermis. In regard to the latter possi-
bility we have thus far not been able to produce
new lesions by intradermal injection of fresh
blister fluid. Other teehnies for testing this
hypothesis are under development. We are also
processing for detailed study non-traumatized
skin and skin traumatized to varying degrees
under varying environmental conditions.
It is not possible at this time to completely
discount reports concerning the importance of
the polysaceharides or elastic tissue of the dermis
in this disease (11, 12, 13, 14).
The widened basement membrane-cell mem-
brane space in lichen planus is of uncertain sig-
nificance. However, it is reasonable to expect
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Fic. 12. Normal skin immersed 10 minutes in sodium thiocyanate. There is edema between collagen
fibrils. The basement membrane-cell membrane space is widened. The basement membrane is intact.
Permanganate fixation, \Testopal embedding. X 9750.
eventual complete separation to occur at this
interface. The widened B.M.-C.M. space may
be due to chemical change in an adhesive sub-
stance located in the space.
The ability of the basement membrane to with-
stand freezing that destroys the epidermis sug-
gests that it is more than a chance accumulation
of amorphous material. The membrane also
appears to retain its integrity in the presence of
edema fluid pressure. Its toughness, at least on
morphological grounds, is further attested to by
its survival in lichen planus.
The mode of action of thiocyanate in loosening
the attachment of the epidermis to the dermis
is not certain. The basement membrane remains
intact but separation appears to develop just
above the membrane. It is possible that fluid ac-
cumulation between the collagen fibrils is not of
primary importance. An adhesive substance be-
tween the B.M. and the cell membrane may be
the locus of action of this agent. The B.M. may
merely function as a relatively rigid base for the
adhesive material. The action of the other chemi-
cal agents as well as enzymes on the dernio-
epidermal junction is under study.
SUMMARY AND CONCLUSIONS
A survey of ultrastructural alterations at the
dermo-epidermal junction in selected blistering
diseases and experimental dermo-epidermal sepa-
rations has been made.
The basement membrane is a tough, dense
structure of unknown composition that rema:ins
intact in most of the clinical and experimental
situations studied.
In lichen planus and in separation by action of
thiocyanate, the morphologic changes may be dLue
to alterations in the properties of the cell mem-
branes, the basement membrane, or an adhesive
substance between the two.
In liquid nitrogen blistering, necrosis of basal
cells appears to be the most critical phenomenon.
Epidermolysis bullosa blisters result primarily
from disintegration of the cytoplasm of the
basal cells.
It would appear from this evidence that
a
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DERMAL-EPIDERMAL SEPARATION IN HUMAN SKIN 223
FIG. 13. Normal skin immersed 11 minutes in 2N sodium thiocyanate, then 4 hours in 2N sodium
citrate. There is little remaining edema between collagen fibrils. The basement membrane-cell membrane
space is normal or decreased in width. Permanganate fixation, Vestopal embedding. X 16,900.
dermo-epidermal separation may primarily in-
volve a single structural component and that
these morphologic manifestations may be helpful
in explaining the pathogenesis of the lesions.
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DISCUSSION
DR. WALTER F. LEVER (Boston, Mass.): I
want to limit my remarks to epidermolysis
bullosa. I understand that Dr. Pearson and Dr.
Spargo found in epidermolysis bullosa con-
siderable degenerative changes in the basal cells,
both in the light microscope and in the electron
microscope. In a recently published paper on
epidermolysis bullosa Roberts and associates
(Pediatrics 24: 283, 1960) stated that under the
light microscope the earliest change in clinically
normal appearing skin consists of a vacuolar
degeneration in the lower portion of the basal
cells, with no changes in the basement mem-
branes. After reading this paper by Roberts and
associates I checked my own material on epi-
dermolysis bullosa. I can confirm their findings.
I did, however, not observe in any of my sections
such marked degenerative changes as you have
shown today and which you refer to as disinte-
gration of basal cells.
DR. JORN H. EPSTEIN (San Francisco, Calif.):
Were any studies done on normal skin of the
patients with epidcrmolysis bullosa?
DR. ROGER W. PEARSON (in closing): To
answer Dr. Lever, the objection we had to study-
ing natural blistering in epidermolysis bullosa
was the very one you have pointed out, that clis-
tortion in the histologic picture can occur if one
is not aware of the age of the blister. This should
be particularly true in epidermolysis bullosa
simplex since regeneration time is rather fast. I
am convinced that in this disease a natural
blister should not be any different than an arti-
ficially produced one.
The light micrograph that I showed here was
taken from a very severely involved area. If one
looks at the edge of the blister or produces trau:ma
that is not sufficient to give a blister, the changes
arc similar to, though less striking than those we
described, i.e. the vacuolization, apparent tono-
fibrillar dissolusion, loss of staining properties
and such. I do feel that these are just the early
changes that precede blister formation.
In answer to Dr. Epstein, we have examined
normal skin for both the simplex variety and
for the dystrophic variety of epidermolysis
bullosa. We looked primarily at the dermal-
epidcrmal junction and found no abnormalities.
I am not at all sure that there are not some cellu-
lar abnormalities that one might be able to find.
